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COMMUNICATION OF LANDING
CONDITIONS

RELATED APPLICATIONS

The present application claims priority from U.S. patent
application Ser. No. 11/461,880, assigned to Boeing, for “The

Determination Of Runway Landing Conditions™ filed Aug. 2,

2006, the disclosure of which 1s mncorporated herein by ret-
erence.

BACKGROUND OF THE INVENTION

There are existing methods and devices for communicating,
the braking conditions for a runway. Many of these methods
and devices rely on oral communications taking place over
the radio between the pilot of the landed aircraft and air traffic
control, during which the pilot communicates his/her percep-
tion of the landing conditions of the runway. However, these
methods and devices may be unreliable, inetficient, untimely,
inconsistent, and maccurate. This may lead to increased cost,
decreased safety, lower runway efliciency, lower braking
determination consistency and accuracy, and/or other types of
problems.

A method, apparatus, and aircrait, 1s needed which may
solve one or more problems 1n one or more of the existing
methods and/or devices for communicating the braking con-
ditions for a runway.

SUMMARY OF THE INVENTION

In one aspect of the invention, a method 1s disclosed for
communicating the braking conditions of a runway. In one
step, braking information 1s determined from a first aircraift
which has landed on the runway. The determined braking
information includes at least one of braking data, a braking
performance measurement, and a normalized braking perfor-
mance measurement. In another step, the braking information
1s communicated to at least one of air traffic control and a
second aircratit.

In another aspect, the invention discloses a landed aircraft.
Braking information regarding landing of the aircrait was
determined and communicated to at least one of air traflic
control and another aircraft. The braking information
included at least one of braking data, a braking performance
measurement, and a normalized braking performance mea-
surement.

In a further aspect of the mvention, an apparatus 1s pro-
vided which 1s adapted to communicate braking information
regarding landing of an aircrait to at least one of air traific
control and other aircrait. The braking information includes
at least one of braking data, a braking performance measure-
ment, and a normalized braking performance measurement.

These and other features, aspects and advantages of the
invention will become better understood with reference to the
following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts one embodiment of a method under the
invention for communicating the braking conditions for a
runway; and

FI1G. 2 depicts a perspective view of a landing aircrait (also

referred to herein as a “first aircraft’™) in multiple locations as
the aircraft touches down and proceeds down a runway.
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2
DETAILED DESCRIPTION OF THE INVENTION

The following detailed description 1s of the best currently
contemplated modes of carrying out the invention. The
description 1s not to be taken 1n a limiting sense, but 1s made
merely for the purpose of 1llustrating the general principles of
the 1nvention, since the scope of the invention 1s best defined
by the appended claims.

In one embodiment of the invention, as shown in FIG. 1, a
method 10 for communicating the braking conditions for a
runway 1s provided. In one step 12, braking information may
be determined from a first aircrait which has landed on the
runway. The braking information may include any informa-
tion regarding the braking of the airplane on the runway. For
purposes of this application, the term “aircrait™ 1s defined as
any type of device capable of flying in the air, such as an
airplane or other device. The braking information may be
determined utilizing an apparatus on the aircrait, such as an
auto-braking apparatus, a computer, and/or other type of
device. The determined braking information may include one
or more of braking data, a braking performance measure-
ment, and a normalized braking performance measurement.

The braking data may include any data regarding braking
of the aircrait on the runway. As shown in FIG. 2, which
depicts a landing aircraft 135 (also referred to as “first aircraft™
and/or “landed aircrait”) in multiple locations as 1t lands on a
runway 17, the braking data may comprise an 1nitial touch-
down location 14 of the aircrait 15 on the runway 17. The
initial touch-down location 14 may comprise the approximate
coordinates on the runway 17 where the aircrait 15 first
touches down upon landing. The collected braking data may
further comprise an 1nitial aircrait velocity of the aircraft 15 at
the initial touch-down runway location 14. This initial aircraft
velocity may comprise the velocity of the aircraft 15 on the
runway 17 when the aircrait first touches down at the 1nitial
touch-down location 14.

Additionally, the collected braking data may comprise a
final runway location 18 of the aircraft 15. The final runway
location 18 may comprise the approximate coordinates on the
runway 17 where the aircraft 15 has proceeded down the
runway upon landing and reached a velocity where the air-
craft 15 1s ready to taxi oif the runway 17. In another embodi-
ment, the final runway location 18 may comprise the approxi-
mate coordinates on the runway 17 where the aircrait 15 has
come to a stop and has zero velocity. In yet another embodi-
ment, the final runway location 18 may comprise the approxi-
mate coordinates on the runway 17 of a pre-determined loca-
tion. The pre-determined location may be based in part on the
total length of the runway 17, or other criteria.

In addition, the collected braking data may comprise a final
velocity of the aircrait 15 at the final runway location 18. The
final velocity may comprise the velocity of the aircraft 15 at
the final runway location 18. The final velocity may comprise
a velocity on the runway 17 when the aircraft 15 has reached
a velocity where 1t 1s ready to taxi off the runway 17. In
another embodiment, the final velocity may comprise a zero
velocity when the aircraft 15 has come to a stop. In still
another embodiment, the final velocity may comprise the
velocity of the aircraft 15 on the runway 17 at the above-
referenced pre-determined location.

The braking performance measurement may comprise a
measurement of the braking performance of the aircrait on
the runway. The braking performance measurement may be
determined for the landed aircraft 135 based on the collected
braking data. The braking performance measurement may
comprise calculating one or more runway deceleration mea-
surements of the landed aircraft 15. The runway deceleration
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measurement may comprise the deceleration of the landed
aircraft 15 between the nitial touch-down location 14 on the
runway 17 and the final runway location 18. The deceleration
measurement may be calculated by using a mathematical
formula similar to the formula Deceleration=I((Velocity 2)*—
(Velocity 1)%)/(2*Distance)|, wherein Velocities 1 and 2 rep-
resents the respective velocities of the aircraft 15 at two
separate locations along the runway 17, and the Distance
represents the distance along the runway 17 between the
respective locations where Velocities 1 and 2 are measured.
The deceleration measurement may be taken 1n feet per sec-
ond squared. In one embodiment, the deceleration may be
calculated between the 1mitial touch-down location 14 and the
final runway location 18 by using, in the above Deceleration
formula, the 1nitial aircrait velocity as Velocity 1, the final
aircraft velocity as Velocity 2, and the runway distance
between the 1nitial touch-down location 14 and the final run-
way location 18 as the Distance.

In other embodiments, the deceleration measurement may
comprise calculating the deceleration of the aircraft 15 at
several different locations along the runway 17. This 1teration
and calculation may be in the order of twenty times per
second. In other embodiments, any number of deceleration
measurements may be taken. A graph and/or dynamic display
may be prepared to show the variation in deceleration of the
atrcraft 15 after 1t touches down 14 until 1t comes to 1ts final
runway location 18. In other embodiments, only one decel-
cration measurement may be taken. In still other embodi-
ments, the deceleration measurement may be taken along
different portions of the runway 17.

The normalized braking performance measurement may
comprise a normalized value of the braking performance
measurement. The normalized braking performance mea-
surement may be determined based on the calculated braking
performance measurement of the landed aircraft 15. The nor-
malized braking performance measurement may comprise
the expected braking performance on the runway 17 of a
standard aircraft on a standard day. The term *‘standard air-
craft” may represent a generic, non-descript aircrait of no
particular type, while the term *“standard day” may represent
a day having normal landing conditions. In one embodiment,
a standard day may comprise a day where the temperature 1s
59 degrees Fahrenheit, having a 29.92 Altimeter setting, with
no wind, and at sea level. The normalized braking perior-
mance measurement may represent a normalization of one or
more deceleration rates of the aircraft 15 on the runway 17.
The normalized braking performance measurement may
comprise an index, coellicient, or value used to represent the
expected braking ability of a generalized aircraft on the run-
way 17.

In determining the normalized braking performance mea-
surement, a variety of factors may be taken into account 1n
order to normalize the calculated braking performance mea-
surement to that of a standard aircraft. Some of these factors
may include consideration of wind speed, wind direction,
weight of the aircraft, type of the aircraft, air temperature,
configuration of the aircrait, Mimimum Equipment List
(MEL) conditions, thrust reverse conditions, non-normal
conditions, initial aircraft velocity at the mitial touch-down
runway location, final aircraft velocity at the final runway
location, and/or other factors.

In another step 20 of method 10, the determined braking
information 12 may be communicated to one or more of air
traffic control and a second aircraft. The second aircrait may
comprise an incoming aircrait which 1s contemplating land-
ing on the runway. The determined braking information 12
may be communicated 20 utilizing an Automatic Dependent
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Surveillance Broadcast system (ADS-B) and/or other type of
automatic networking system which networks information
from a first aircraft to air traific control and/or a second
aircrait.

An ADS-B system which may be used to communicate 20
the determined braking information 12 may be satellite-
based. The ADS-B system may include a Cockpit Display of
Tratfic Information (CDTI) that may show the aircrait’s pre-
cise location using a Global Positioming system. Once per
second, a transponder may send the location information
from the aircraft to all users. In one embodiment, one or more
antenna may be attached to a cell-phone tower, which may
relay the received braking information to air traific control.
For purposes of this application, the term “air traific control”
may include any device, apparatus, or other system which
aids 1n directing, informing, keeping track of, and/or control-
ling air traffic.

Using an ADS-B system, pilots of aircrait equipped with
CDTI may be able to view a similar visual display 1n the
cockpit as air traffic controllers see on the ground showing the
aircrait’s precise location as well as the weather, location of
other aircraft nearby, and landing aircrait braking informa-
tion. The use of this system may allow aircraft to fly closer
together than current radar systems, since the system may be
more precise and may allow pilots to see for themselves
exactly where their aircraft 1s with respect to other aircraft in
their airspace. As a result, more aircraft may be able to fly 1n
the same airspace at the same time, thereby potentially saving
cost, time, and/or being more efficient. Additionally, the com-
ponents of the ADS-B system may be less expensive than
existing radar systems. Moreover, the ADS-B system may
allow the tracking of low flying aircraft which may not be
visible on radar.

The determined and/or commumicated braking informa-
tion 12 and 20 may be displayed on a dynamic display, such
as on a monitor, computer, and/or other type of display sys-
tem. The dynamic display may be located 1n air tratfic control,
and/or 1n the second aircraft (non-landed aircrait), and may
show braking information 12 at particular locations over the
runway. These dynamic displays may allow air traific control
and/or the second aircrait to determine the runway decelera-
tion conditions on a continuing time spectrum along various
portions of the runway 17 for varying numbers and types of
aircrait. The display may show a graph and/or may display the
information 1n other manners. The dynamic display may
show braking information for multiple landed aircratt.

In another step, an expected braking performance of the
second aircraft (non-landed aircraft) on the runway may be
determined based on the braking information received from
the first landed aircrait. The expected braking performance
may take into account particular information regarding the
type of the second aircrait in order to estimate its expected
braking performance. The expected braking performance
may be based on the normalized braking performance mea-
surement of the landed aircraft. This may be achieved by
taking into account the configuration, weight, and perior-
mance capabilities of the particular second aircraft. In such
manner, the expected braking performance of a whole host of
different aircraft may be determined. A decision as to whether
the second aircraft should land on the runway may be made
based on the braking information of the first aircrait and/or on
the expected braking performance of the second aircratt.

In another step, a minimum standard sustainable decelera-
tion rate may be assigned for continued operation of the
runway 17 in hazardous weather conditions. A decision may
be made as to whether to shut down the runway 17 due to
hazardous conditions by comparing the braking information




US 7,626,513 B2

S

of the first aircraft to the assigned mimimum sustainable
deceleration rate. If the braking information 1s below the
assigned minimum sustainable deceleration rate for the run-
way 17, the runway 17 may be shut down until conditions
1mprove.

Any of the above referenced steps for any of the disclosed
method embodiments may utilize one or more apparatus
located on the first and/or second aircraits. Such apparatus
may comprise one or more computers, and/or other types of
devices.

In another embodiment, the mvention may comprise a
landed aircraft on a runway. Braking information regarding
landing of the aircraft may have been determined. The deter-
mined braking information may have included one or more of
braking data, a braking performance measurement, and a
normalized braking performance measurement. The deter-
mined braking information may have been communicated to
air tratfic control and/or another aircrait. Any of the embodi-
ments disclosed herein may have been utilized during landing,
of the aircrait in order to determine and communicate the
braking information.

In yet another embodiment, the invention may comprise an
apparatus which 1s adapted to communicate braking informa-
tion regarding landing of the aircraft to air traific control
and/or other aircraft. Such braking information may include
one or more of braking data, a braking performance measure-
ment, and a normalized braking performance measurement.
Any of the embodiments disclosed herein may be used as part
ol the apparatus to communicate the braking information.

One or more embodiments of the disclosed invention may
solve one or more problems in existing methods, aircraft, and
apparatus for communicating the braking conditions of a
runway. One or more embodiments of the mvention may
provide a communicated, substantially real-time, quantita-
tive, definitive, and/or reliable measure of runway landing,
conditions. In such manner, the invention may decrease cost,
increase safety, increase runway efficiency, increase braking
determination consistency and accuracy, and/or address other
problems known in the art. For instance, the invention may
aid 1n the determination of runway/airport plowing and clo-
sure decisions, may aid in rejected takeoil decisions, may aid
in airline dispatch, may aid in flight crew divert decisions,
and/or may aid in other problem areas.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the invention and that
modifications may be made without departing from the spirit
and scope of the invention as set forth 1n the following claims.

We claim:

1. A method for communicating the braking conditions for
a runway comprising;:

determining braking information in real-time from a first

aircraft landing on the runway using an automated appa-
ratus on the first aircrait comprising at least one com-
puter, wherein said braking information comprises at
least one of (1) a real-time braking performance mea-
surement comprising at least one runway real-time
deceleration measurement of the landing first aircraft
based on an initial touch-down runway location of said
first aircrait, an 1nitial velocity of said first aircrait at said
initial touch-down runway location, a final runway loca-
tion of said first aircraft, and a final velocity of said first
aircraft at said final runway location, and (2) a real-time
normalized braking performance measurement com-
prising an expected braking performance of a standard
aircraft on said runway, the real-time normalized brak-
ing performance measurement further comprising the
normalization of a real-time deceleration rate of the
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landing first aircraft which takes into account at least one
of wind speed, wind direction, a weight of the first air-
craft, a type of the first aircrait, air temperature, configu-
ration of the first aircrait, Minimum Equipment List
conditions, thrust reverse conditions, non-normal con-
ditions, the mitial velocity of said first aircraft at the
initial touchdown runway location, and the final velocity
of said first aircrait at the final runway location;

communicating in real-time said real-time braking infor-
mation to at least one of air traific control and a second
aircraft, comprising an mmcoming aircrait, utilizing at
least one of an Automatic Dependent Surveillance
Broadcast system (ADS-B) and an automatic network-
ing system; and

determiming 1n real-time the expected braking performance

of said second aircraft on said runway based on said
real-time braking information.

2. The method of claim 1 further comprising the step of
determining whether said second aircrait should land on said
runway based on said real-time expected braking perfor-
mance of said second aircraft.

3. The method of claim 1 further comprising the step of
preparing a dynamic display showing said braking informa-
tion.

4. The method of claim 3 wherein said dynamic display
shows braking information for multiple landing aircratt.

5. The method of claim 3 wherein said dynamic display
shows said braking information in at least one of said air
traffic control, and said second aircratt.

6. The method of claim 1 further comprising the step of
determining whether the runway should be shut down due to
hazardous conditions based on said braking information.

7. The method of claim 1 wherein said final runway loca-
tion comprises at least one of a location where said first
aircraft 1s ready to taxi oif said runway, a pre-determined
location on said runway, and a location where said first air-
craft 1s stopped.

8. The method of claim 7 wherein said pre-determined
location on said runway 1s based, at least in part, on a length
of said runway.

9. The method of claim 1 wherein said apparatus further
comprises an auto-braking apparatus.

10. The method of claim 1 wherein the step of determining
the braking information comprises determining said braking
performance measurement.

11. The method of claim 1 wherein the step of determinming
the braking information comprises determining said normal-
1zed braking performance measurement.

12. The method of claim 11 wherein said standard aircraft
represents a generic, non-descript aircrait.

13. The method of claim 1 wherein the step of determining
the braking information comprises determining said normal-
1zed braking performance measurement which further repre-
sents the expected braking performance of the standard air-
craft on a standard day on said runway.

14. The method of claim 13 wherein said standard day
represents a day with normal landing conditions.

15. The method of claim 1 wherein the step of communi-
cating said braking information comprises the first aircrait
communicating said braking information directly to the sec-
ond aircrafit.

16. The method of claim 1 wherein said braking informa-
tion comprises both the real-time braking performance mea-
surement and the real-time normalized braking performance
measurement.

17. A landed aircraft wherein braking information regard-
ing landing of said aircraft was determined 1n real-time using
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an automated apparatus on the landed aircrait comprising at
least one computer and said braking information was com-
municated in real-time utilizing at least one of an Automatic
Dependent Surveillance Broadcast system and an automatic
networking system to at least one of air traffic control and
another landing aircraft, and an expected braking perfor-
mance of the another landing aircraft was determined based
on said braking information, wherein said braking informa-
tion comprised at least one of: (1) a real-time braking perfor-
mance measurement comprising at least one runway decel-
eration measurement of the landed aircraft based on the 1nitial
touch-down runway location of the landed aircratt, an 1nitial
velocity of the landed aircraft at the mnitial touch-down run-
way location, a final runway location of the landed aircraft,
and a final velocity of the landed aircrait at the final runway
location, and (2) a real-time normalized braking performance
measurement comprising the normalization of a deceleration
rate of the landed aircrait representing the expected braking
performance of a standard aircrait on the runway taking into
account at least one of wind speed, wind direction, a weight of
the landed aircratt, a type of the landed aircrait, air tempera-
ture, configuration of the landed aircraft, Minimum Equip-
ment List conditions, thrust reverse conditions, non-normal
conditions, the mmtial velocity of the landed aircraft at the

initial touchdown runway location, and the final velocity of
the landed aircraift at the final runway location.

18. The landed aircrait of claim 17 wherein said apparatus
turther comprised an auto-braking apparatus.

19. The landed aircrait of claim 17 wherein a decision as to
whether 1t was safe to land said another landing aircrait was
made based on said braking information.

20. The landed aircrait of claim 19 wherein the decision as
to whether 1t was safe to land said another landing aircratt was
made based on said braking immformation received on board
said another landing aircraft utilizing a Cockpit Display of
Traffic Information system (CD'TI).

21. The landed aircrait of claim 17 wherein said braking
information was displayed on a dynamic display.

22. The method of claim 17 wherein said braking informa-
tion comprised the braking performance measurement.

23. The method of claim 17 wherein said braking informa-
tion comprised the normalized braking performance mea-
surement.

24. The landed aircraft of claim 17 wherein the braking
information was communicated directly from the landed air-
craft to the another landing aircraft.
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25. The landed aircratt of claim 17 wherein said braking
information comprises both the real-time braking perfor-
mance measurement and the real-time normalized braking
performance measurement.

26. An apparatus for determining and communicating
braking information in real-time regarding landing of an air-
craft on a runway to at least one of air traific control and
another landing aircraft 1n order to determine an expected
braking performance of the another landing aircraft on the
runway based on said braking information, wherein said
apparatus comprises at least one automated computer and at
least one of an Automatic Dependent Surveillance Broadcast
system and an automatic networking system, and wherein
said braking imformation comprises at least one of a (1) real-
time braking performance measurement comprising at least
one runway deceleration measurement of the landing aircraft
based on an 1n1tial touch-down runway location of the landing
aircraft, an mitial velocity of the landing aircraft at the naitial
touch-down runway location, a final runway location of the
landing aircrait, and a final velocity of the landing aircrait at
the final runway location, and (2) real-time normalized brak-
ing performance measurement comprising the normalization
of a deceleration rate of the landing aircrait representing the
expected braking performance of a standard aircrait on the
runway taking into account at least one of wind speed, wind
direction, a weight of the landing aircraft, a type of the land-
ing aircraft, air temperature, configuration of the landing
aircralt, Mimmum Equipment List conditions, thrust reverse
conditions, non-normal conditions, the initial velocity of the
landing aircraft at the imitial touchdown runway location, and
the final velocity of the landing aircrait at the final runway
location.

277. The apparatus of claim 26 wherein said apparatus fur-
ther comprises a Cockpit Display of Traffic Information
(CDTI) system.

28. The apparatus of claim 26 wherein the braking infor-
mation comprises said braking performance measurement.

29. The apparatus of claim 26 wherein the braking infor-
mation comprises said normalized braking performance mea-
surement.

30. The apparatus of claim 26 wherein the apparatus com-
municated the braking information directly from the landing
aircrait to the another landing aircratt.

31. The apparatus of claim 26 wherein said braking infor-
mation comprises both the real-time braking performance
measurement and the real-time normalized braking perfor-
mance measurement.
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